ABSTRACT
INTRODUCTION
Harmful effects of radiation on human health are known for a long time. These are burn effects of radiation, decrease of human lifespan, cancer, congenital disorders and illnesses caused by radiation. Sometimes, it is possible to see sudden deaths because of high dose of radiation exposure. All cells can be damaged by ionizing radiation, but actively dividing cells are more radiosensitive. Bone marrow stem cells are one of the most radiosensitive cells in the human body (1, 2) . Nowadays, osteoporosis is an important health problem both for men and women. It is shown that radiation has harmfull effects on bone mineral density. Bone atrophy and bone fractures increase in patients after exposure to radiation (3, 4) . Spontaneous hip fracture incidence is higher in pelvic cancer patients after therapeutic irradiation (3, 5) . The aim of this study is finding out the changes at bone mineral density and serum alkaline phosphatase levels of radiology workers according to the device they use.
MATERIALS AND METHODS
In our study, 49 radiology workers (technicians) of total 55 ,which were volunteer for the study, exposed to ionizing and nonionizing radiation due to their profession in Kütahya's state and private hospitals are chosen as working group. Technicians use lead wear and barrier while working as a protection method. The quantity of radiation, radiology workers were exposed to in last one year, is measured by TAEK (Turkey Atomic Energy Instute) by means of using individual TLD (Thermoluminescence Dosimetry). It was measured 4,8 mSv at average. Table   1 shows characteristics of subjects. The control group have been working in the same hospital's radiology departments with working group, but control group has not exposed to radiation. Additionally, these people haven't been exposed to any diagnostic and therapeutic irradiation in the last one year. The necessary information was given to the participants and they were informed of the harmful effects of minimum radiation absorbtion to their health and they gave their consent to join this study. Bone mineral density and serum alkaline phosphatase values were used in order to collect data. Ionizing radiation levels were measured by geiger devices in conventional roentgen and tomography rooms and places where the control group works. Electromagnetic radiation level could not be measured in MRI rooms and places where the control group works, since we could not find necessary equipment. Our aim in these measurements was comparing radiation levels between working places of the working and the control groups. In this study, lumbar spine and hip (neck and trochanter) DEXA measurements was made and we used the lowest T score level. For the measurement of serum ALP, participants fasting venose blood samples were taken in morning hours (07:00-09:00 a.m) and also these samples were seperated into serums. Then, these samples were frozen at -20 C until the measurements. The measurements of serum ALP were done by means of Abbott Architect Plus-C 16000 device with photometry kinetic method. 
RESULTS
After the first measurements of radiation, there was no radiation both in control rooms and radiation working rooms. It was found out that radiation stays 22 seconds at the room after irradiation and technicians leave from lead barriers at the first 3 seconds. Conventional roentgen workers, while working, are exposed to radiation between the doses of 0,0031 mSv and 0,15 mSv. In tomography, seconder radiation is between 0,57 mSv and 1,3 mSv after every irradiation (Table 2 ). According to DEXA results, the working group was compared to control group regarding the device they use. In our study it was found out that T-scores of radiology workers, in all groups, were lower than control group meaningfully (p<0.01). Moreover, T-scores of MRI workers were lower than conventional roentgen workers meaningfully (p<0.01). T-scores of tomography workers were lower than conventional roentgen workers and it was higher than MRI workers but there was no statistically significant difference among the groups (P>0.05). MRI <Tomography< Conventional roentgen < Control (Table  3) . Depending on sex, if we compare according to the device they use, T-scores of radiology workers (all groups) were meaningfuly lower for both women and men than the control group (P < 0.01). In working group comparision among themselves, it is found that MRI workers have the lowest T-scores and conventional roentgen workers have the highest T-scores for both women and men. It was also found out that T-scores of the men at the control group were higher than the women's however the case was just the opposite for the work group (Table 4) . Regarding the device they use, serum ALP levels of roentgen and tomography workers were lower than the control group meaningfully (p<0.05). Serum ALP levels of MRI workers were lower than the control group but there was not any meaningful difference on MRI workers (p>0.05) ( Table 5 ).
DISCUSSION
In this study, We have demonstrated that exposures to low dose ionizing radiation and non-ionizing radiation have significant decreasing effect on bone mineral density of radiology workers. Likewise, exposures to low dose ionizing radiation have noteworthy decreasing effect on serum alkaline phosphatase levels of them. Varied in published reports, bone mineral density at femurs of dogs and mice exposed to radiation is lower and osteoporosis can occur (6,7). In addition, heavy ionizing radiation ((56)Fe) in lumbar spines of mices which The effects of radiation on bone mineral density are exposed to radiation caused bone mineral density decrease in L4 one month later (8) . In these studies, one dose irradiation with heavy ionizing radiation and short time effects were also determined. In our study, we examined that the effects of the long-term low dose radiation on bone mineral density of radiology workers. Even if radiation is in low doses, long-term exposure to radiation decreases bone mineral density. Because of continuing irradiation, organism can not repair damages on body until next irradiation and damages accumulate (9).
Tomography workers were effected more than conventional roentgen workers because compared with conventional roentgen workers tomography workers are exposed to more radiation. For example, x-ray doses (tissue dose) approximately is 0.01-0.15 mGy in lung conventional roentgen graphy but it is 10-20 mGy in toraks CT. Even if this dose approximetely 80 mGy in CT coronary-angiography with 64 section (10), one tomography radiation dose is equal to approximately 400 lung roentgen graphy dose. In our study, it shows that lower bone mineral density in tomography workers is parellel with this results. The more radiation doses increase, the more the damages occcur for radiology workers and patients.
In terms of the device they use, bone mineral density of MRI workers decreases more than the others and radiation is more effective on men. Mri device is different from other devices by radiation kind. MRI device, works with radio frequency (RF) radiation and it causes electromagnetic field radiation. In literature, low frequency electromagnetic wave is used in order to heal bone fractures and to increase bone mineral density (11, 12) . But in these studies, it has been showed that electromagnetic wave is used in medicine by low frequency and pulse (15-72 Hz) (13) . High frequency electromagnetic wave show opposite effect. Atay at al. (13) showed that 900-1800 MHz mobile phone causes meaningfully a decreased bone mineral density on iliac bone wing. These studies showed that high frequency electromagnetic radiation decreases bone mineral density of MRI workers. That is, low frequency electromagnetic radiaiton causes healing on bone mineral density but high frequency electromagnetic radiation causes damage on bone mineral density.
It has seen that bone mineral density decreases after therapeutic irradiation. It is concidered that missing of bone mass occur because of the bone osteoblastic formation and bone vasculature damages (14) (15) (16) . Ionizing radiation inhibits osteoblast proliferation, increases sensitivity to agents that induce apoptosis, and reduces collagen production (17) (18) (19) . After exposure to radiation, quantity of osteoblast in first month decreases progressivly (20, 21) . ALP is synthesized by osteoblasts and ALP is a very sensible test to show osteoblastic activity. In our study, serum ALP levels are low and it supports this information. After radiation exposure osteoclastic activity increases (22) and bone mass volume and density decrease for this reason. Osteoclasts are responsible cells for bone resorption. Osteoclasts resorbe bone mineral matrix and hydrolise organic matrix by enzymes.
Results of this study is similar to other various reports. In radiology workers, decrease of bone mineral density may depend on one or other factors we said before or their combined effects. Because of their significiant advantages to diagnose diseases, radiology devices are being used more and more. Like other technological developments, these developed devices have negative effects on patients and radiology workers health. It was found out that radiation has decreasing effect on bone mineral density of radiology workers and these decreases depending on sex and the device they use. It is necessary for radiology workers to have hematologic tests at least once a year and also DEXA measurement should be done periodicaly.
